Background: Major Depressive Disorder (MDD) and anxiety disorders often co-occur, with
Introduction
Major Depressive Disorder (MDD) is a lifetime disorder for many, characterized by an insidious onset and a recurrent course. There is evidence of substantial disability and burden with the disease, including increased mortality due to suicide and morbidity due to numerous other conditions for which MDD increases risk (e.g., hypertension, obesity, diabetes [1] [2] [3] [4] ). Currently, this detrimental course persists even in the context of early diagnosis, effective and efficient treatments, and wellness maintenance 5; 6 . Personalized medicine, or the matching of subdiagnostic specificity with targeted treatments, is a broad goal for many disorders including MDD and might result in more efficient, effective, and lasting treatments. One strategy to achieve this goal is to better identify meaningful subtypes of MDD, as it is a highly heterogeneous disorder [7] [8] [9] [10] [11] [12] .
Within this framework, there is growing evidence that presence of a comorbid, often preexisting, anxiety disorder can change the presentation and prognosis of MDD for our standard treatments. Historically, comorbid MDD and anxiety results in poorer response to standard treatments (e.g., STAR-D 13; 14 ) and greater disruption in dexamethasone and metyrapone challenge of HPA axis functioning 15; 16 . Yet, even in the era of subdiagnostic and pandiagnostic phenotyping, championed within the Research Domain Criteria (RDoC) initiative of the NIMH, studies of comorbid anxiety as a meaningful subtype of MDD are quite limited. Furthermore, the nuances in methods design, sampling characteristics, and theoretical underpinnings make it difficult to integrate these studies. Task-based fMRI studies with emotional stimuli 17; 18 report differential effects for emotional stimuli based upon diagnosis and valence. Another study showed MDD-specific mid-cingulate gyrus hyperactivation, interpreted as hyperviglance, in response to reward anticipation that was not present in MDD with Panic Disorder 19 . Two symptom-based neuroimaging studies evaluated depression and anxiety symptoms in relation to connectivity patterns 20; 21 and demonstrated some differential patterns in salience/emotion networks and cognitive control networks. These baseline resting state connectivity networks offer an intriguing way to understand network synchronization and harmonics absent an experimental paradigm, and are powerful windows into how regions within a given network may work together to a greater or lesser extent 22 . Recent work is now linking these network patterns to features of illness and disease course 23; 24 . Overall, these initial reports suggest that differential responsiveness to emotional valence, reward, and cognitive challenge, as well as resting state connectivity patterns may be present based upon the presence or absence of anxiety disorder in the context of MDD. It is unclear whether many studies demonstrating increased activation in regions within and outside of the salience and emotional network are reflective of hypervigilance to threatening stimuli, increased depth of processing of emotionally congruent stimuli, or of increased attempts at regulation of emotional content.
To this end, one intriguing line of research includes directed manipulation of the extent of regulation of emotional content, in an explicit paradigm where study participants are directed to look passively, maintain an initial emotional response, or reappraise emotional stimuli to diminish both salience and depth of processing of these stimuli 25; 26 . This paradigm has lead to some interesting between group differences in regions thought to be a part of the cognitive control network 27 . However, manipulation checks within this design rely on both participant awareness of emotional responses, and participant ability to rate their own effectiveness in regulation. Therefore, it is unclear whether increased engagement of cognitive control regions in HC relative to MDD and/or anxiety patients relates to greater awareness, effort, or success in regulation 28 . Furthermore, current data does not clarify the duration of emotional responses at an individual or group level, potentially leading to confounding of control conditions within the patient groups that could lead to diminished contrast differences between explicit reappraisal and look only conditions.
One way to provide convergent evidence about the nature of weakened or diminished emotion regulation in MDD and MDD plus anxiety would be to attempt to link emotion regulation findings with cognitive control results. To our knowledge, however, few studies have investigated explicit cognitive control in these population without potentially confounding emotional stimuli [29] [30] [31] [32] . Furthermore, to our knowledge no studies comparing MDD alone with MDD plus anxiety have specifically examined cognitive control, a regulatory mechanism for thoughts and emotions supported by lateral and medial prefrontal and inferior parietal regions that make up the cognitive control network. Importantly, performance and neuroimaging measures have demonstrated that disruption of this network may contribute to mood dysregulation in MDD (see 33 , but it is not clear if this is the case for MDD comorbid with anxiety). Given the limited research examining differences between MDD and MDD comorbid with anxiety, it is crucial that we better understand the similarities and differences in MDD and MDD comorbid with anxiety to help inform diagnostic overlaps/clarity and potentially differential treatment strategies. It is possible that these groups differ according to valence, context, and cognitive control capacity, consistent with the underlying theories and symptoms related to each diagnosis. It is also possible that results from emotion challenge task and emotion regulation paradigms could be disambiguated through the use of cognitive control tasks without emotional stimuli or explicit emotional conditions. A number of different movement parameters were evaluated to determine if, and for which individuals, BOLD signal estimates were compromised 24; 38; 39 . We settled on using an outlier deviation statistic, in which realignment values from MCFLIRT were used to estimate a standard deviation of the realignment required in pitch, roll and yaw, subsequently averaged across all six runs. As a result, 5 individuals were excluded for movement and an additional two were removed due to substantial signal distortion, resulting in a final sample of 18 MDD, 29
MDD+Anx, and 54 HC. ). The PGNG is a 24 minute task completed during fMRI which measures attention (Targets) and set-shifting, processing speed, and correct responses (Rejections) and incorrect responses (Commissions) to lure trials as a part of cognitive control. Participants were asked to respond with their right index finger using a button box as quickly as possible to a string of particular target letters for the "Go" condition. In the "No-Go" condition, they may only respond to one of these target letters in an alternating or non-repeating order. Scores were computed for the average correct Targets for Go items across all three levels of difficulty in the task, average correct Rejections of No-go items across the two more difficult levels of the task, and Go Response Time across all three levels of the task. For more information see 41 .
Data acquisition
Whole brain imaging was performed with a 3.0 Tesla GE Signa scanner (Milwaukee, Wisconsin) using a standard radio frequency coil and T2*-weighted pulse sequence. Bloodoxygen level dependent (BOLD) functional images were collected using a gradient-echo axial forward-reverse spiral sequence 42 During scanning, participants completed the PGNG task using a button box and the importance of remaining motionless was conveyed to each participant. There were six runs of the PGNG, each lasting 4 minutes and 20 seconds, and acquiring 120 volumes. The same scanner and acquisition sequence was used for all participants and there was no relationship between the year the fMRI was performed and extracted activation of the BOLD signal (all p-values > .05).
MRI Processing
Preprocessing of fMRI data was conducted using SPM8
(http://www.fil.ion.ucl.ac.uk/spm/) and AFNI (http://afni.nimh.nih.gov/afni/). Data were despiked using AFNI. All data were then slice-time corrected in SPM8 and realigned in FSL (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/) using MCFLIRT 43 . Anatomical and functional images were co-registered and normalized to Montreal Neurological Institute (MNI) space using SPM8.
Smoothing was completed with a full width at half maximum filter of 5mm. First level models were built in SPM8 using roll, pitch and yaw realignment movement regressors from FSL for each run. The subtraction method was used to create contrast images and second level models were built in SPM8.
Statistical Procedures
Analyses for demographic and clinical characteristics were carried out using SPSS 20.0 (IBM). Group differences in demographic and clinical characteristics were assessed using analysis of variance (ANOVA) or chi-square, as appropriate. Group differences in PGNG performance was examined using one multivariate analysis of variance (MANOVA) model.
Results were deemed statistically significant when p-values < .05.
fMRI data were evaluated with 3 (MDD+Anx/MDD/HC) x 1 ANCOVAs with Targets, Commissions, and Rejections as separate dependent variables and with gender, age, and task performance accuracy as covariates in each of the three models. Main effects were followed up using t-tests. Significance thresholds were derived with AlphaSim24 (p < 0.005, k > 55).
Results

Demographic and Clinical Characteristics
Participant characteristics are reported in Table 1 . As expected, MDD and MDD+Anxiety had significantly higher HDRS, NEO-PI neuroticism scores, and NEO-PI extraversion scores relative to HC, but no other group differences were found.
PGNG Performance
Groups did not differ on Go-Accuracy (percent correct Targets) or on No-Go Accuracy (percent correct inhibition; see Table 1 ). On the other hand, both MDD groups had significantly longer response times for Go Targets (correct Targets; see Table 1 ).
PGNG Task Neural Activation
Neural activation during Targets, Commissions, and Rejections are reported in Table 2 .
In general, Targets and Rejections largely activated the cognitive control network (CCN), while
Commissions activated paralimbic regions and parietal regions thought to be involved in visual-haptic integration and error processing (see Table 2 and Figure 2 ). Figure 2 includes illustration of posthoc differences for key regions within the CCN that differed between the three groups to highlight the degree and direction of differences.
Group Differences in Cognitive Control Neural Activation
Targets. HC had more activation during Targets than MDD in superior temporal regions (see Table 3 ). However, HC had less activation during Targets than MDD+Anxiety in inferior parietal areas within the CCN (see Table 3 and Figure 2 , panel A). MDD+Anxiety had greater activation during Targets than MDD in limbic and parietal regions within the CCN, as well as superior temporal regions (see Table 3 and Figure 2 , panel A).
Rejections. HC had more activation during Rejections than MDD throughout the brain in frontal, parietal, occipital, temporal, and subcortical regions; HC had more activation during Rejections than MDD+Anxiety in the posterior cingulate; and HC had more activation during Rejections than all MDD in the fusiform gyrus (see Table 4 ). MDD+Anxiety had more activation during
Rejections than MDD in regions outside of the CCN: the anterior prefrontal cortex, hippocampus, and caudate (see Table 4 and Figure 2 , panel B).
Commissions. MDD had more activation during Commissions than MDD+Anxiety within regions proposed for error processing during a visual, language based task including the midcingulate, inferior parietal lobule, and superior temporal gyrus, as well as within regions involved in motoric response including the precentral gyrus and supplemental motor cortex (see Table 5 and Figure 2 , panel C). HC had more activation during Commissions than all MDD outside of the network activated by the task, in the right inferior frontal gyrus (see Table 5 and Figure 2 , panel D).
Relationships with Trait Neuroticism and Extraversion
In regions that differed between MDD and MDD+Anxiety, we further evaluated whether these differences were present independent of or in concert with trait neuroticism and extraversion. It is possible that trait neuroticism and extraversion would provide a larger effect sizes in these regions, capturing individual differences in anxiety symptoms across the lifetime as opposed to episodic experiences that could be current or remote. This can be exacerbated by known poor recall for degree, duration, and extent of past symptoms, especially during childhood 44 . To test this dimensional hypothesis, we extracted activation and correlated activation with trait neuroticisim and extraversion in the MDD groups, alone and together.
Neuroticism and extraversion were not significantly related to activation in regions that differed between MDD and MDD+Anxiety (all p-values > .05).
Exploratory Analysis of Anxiety Subtypes
We grouped individuals with MDD and a comorbid anxiety disorder into one group due to the fact that many participants in the MDD+Anxiety group had more than one anxiety disorder diagnosis (n=12), while only small subsets had a single diagnosis including Social Phobia (n=5), Generalized Anxiety Disorder (GAD; n=4), Anxiety Disorder Not Otherwise Specified (NOS; n=4), Panic Disorder (n=2), and Simple Phobia (n=2). However, we wanted to examine whether MDD+Anxiety participants with different anxiety disorders differed in their patterns of activation in regions that MDD+Anxiety had greater activation than MDD. For data reduction purposes, we ran Principle Components Analyses (PCA) with extracted activation during Targets from three regions in which MDD+Anxiety had greater activation than MDD (see Table 3 ) and the three variables loaded onto one factor (81.25% variance explained, eigenvalue= 2.44). We also ran PCA with extracted activation during Rejections from four regions in which MDD+Anxiety had greater activation than MDD (see Table 4 ) and the four variables loaded onto one factor as well (59.30% variance explained, eigenvalue= 2.37). Due to the very small sample sizes of the Panic Disorder and Simple Phobia groups, we combined these groups together to create a single group who has one anxiety disorder. ANOVAs with anxiety subtype as the independent variable and the Target activation factor score and Rejection activation factor score as separate dependent variables with MDD and MDD+Anxiety participants found there was a significant difference between groups for the Target activation factor score (F(5,47)= 7.02, p< Rejection activation factor scores. MDD+Anxiety subgroups did not differ from one another and there were no other group differences in Rejection activation factor scores. MDD and MDD+Anxiety subtype activation factor scores for Targets and Rejections are shown in Figure   3 .
Discussion
The present report highlights one potential way to reduce heterogeneity in the study of MDD, by investigating MDD alone in relation to MDD with comorbid anxiety. We found group differences between all MDD participants and the HC group, as might be expected based upon prior work, including decreased activation within right inferior frontal gyrus when participants were unable to demonstrate cognitive control (Commission errors) 45 . Notably, and consistent with other biological markers and reports, the presence of comorbid anxiety, even in the context of equal depression symptoms, resulted in differential activation patterns for attention and cognitive control processes, as measured by Targets, correct Rejections, and Commission errors.
Typically the pattern was of greater activation in comorbid MDD and anxiety relative to MDD alone.
There are a number of important results of the present study. First, it is an event-related design, based upon performance. As such, there can be separation of subgroup by behavior activation differences, with activation differences observed within the correct Target, correct . There was not, however, any evidence of differential engagement of typical salience and emotion network regions within the comorbid group (e.g., amygdala, subgenual anterior cingulate, anterior insula).
Importantly, exploratory analyses of MDD+Anxiety subtypes generally supported that these results were true across different anxiety disorders, supportive of the broader RDoC hypothesis about some shared dimensions across disorders 49 .
In addition, and contrary to expectation, for Commission errors the MDD alone group exhibited increased activation within regions proposed for error processing (and also cognitive control) during a visual, language based task including the mid-cingulate (putatively within salience network), inferior parietal lobule, and superior temporal gyrus. This increase in activation was in comparison to the comorbid group, emphasizing the potential value and specificity gained in studying MDD alone separate from the comorbid condition. While some of these regions are not within the salience and emotional networks, these results are contrary to the idea that reactivity to errors is somehow exaggerated within the comorbid group, and is not related to or consistent with trait anxiety levels as measured by neuroticism (or inversely with extraversion) 50 . We do note that the sample was unmedicated, allowing us to avoid common concerns about activation differences that might result from treatment. Moreover, different treatments might be entertained and engaged based upon the presence of a comorbid anxiety disorder, so we were able to avoid potential treatment by subtype medication effects.
There are also limitations that are important to review. First, while the sample of MDD subjects recruited for the study was large (N=55), after dividing into subtypes and removing those with significant movement and distortion, the subgroup samples were more modest. The MDD alone group was only 18 individuals. Second, there was a relatively broad age range studied, from 18-57, which might mask significant comorbidity based differences that are influenced by age. Third, there were no performance differences between the MDD subgroups, although both were slower in Go response time relative to the HC group. However, it is important to note that a key dimensional marker of anxiety, trait neuroticism, was elevated in both MDD groups, and only to a nominally greater extent in the comorbid MDD group.
Furthermore, other measures of negative and positive affect (e.g., PANAS, BIS/BAS, MASQ)
were not captured in the whole sample and therefore we were not able to more thoroughly examine how negative and positive affect may contribute to some of the group differences found 21 . Moreover, although exploratory analyses generally found that anxiety disorders included in the MDD+Anxiety group had similar overall patterns of activation during Targets and
Rejections, each subtype of anxiety disorders examined had small sample sizes, limiting our ability to better understand how specific anxiety disorders may differ from one another. It will be important for future studies to examine potential differences in different anxiety disorders, alone and in combination with MDD.
Conclusion
In summary, the presence of a comorbid anxiety disorder within the context of MDD may obscure or accentuate differences in relation to HC groups, based upon activation results reported herein. Additionally, more refined subtyping strategies have been employed with self-reported anxiety scales that further strengthen this line of inquiry. The average earlier onset of anxiety disorders relative to MDD 51 , as well as the shared factor structure for these disorders 52 in many self-report measures, may have glossed over some nuanced differences between these groups.
Cognitive control, although relatively heavily emphasized within emotion challenge and regulation paradigms, has been understudied in isolation and may provide a context for more clearly distinguishing between these groups and also in pursuing dimensions highlighted within the RDoC initative 29-32; 53 . Furthermore, cognitive control paradigms without emotional stimuli/challenges can then be integrated with emotion challenge and regulation paradigms in future studies to better disambiguate independent and interactive components of cognitive systems and negative valence systems. and also a region in the anterior prefrontal cortex where MDD+Anx had more activation than MDD (purple). The extracted ROI data for each group from the anterior prefrontal cortex purple cluster is plotted below. Panel C shows task activation during Commissions (red) and regions in the prefrontal cortex where MDD only had more activation than MDD+Anx (blue). The extracted ROI data for each group from the peak blue cluster is plotted below. Panel D shows task activation during Commissions (red) and a region in the right inferior frontal gyrus where HC had more activation than all MDD (green). The extracted ROI data for each group from the green cluster is plotted below. and "Other, 1 Anx Dx" (Panic Disorder (n=2) and Simple Phobia (n=2)).
